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Assuring a high level of animal welfare is a critical aspect of contemporary animal husbandry. Equine athletes
begin their careers at a very young age when they are still developing and they are both physically and mentally
immature. Lack of scientific knowledge of the stress related to horse racing impedes the development of optimal
training programs to attain equilibrium between the best sport results and optimal welfare. This study aimed to
determine the influence of the intensity and type of physical activity on peripheral blood cortisol concentration.
Thirty untrained Arabians, 9 endurance and 21 race horses were enrolled in this longitudinal study. Blood
samples were analysed every 3-weeks in 4 training sessions and 2 races in racing horses and monthly after 2
training sessions and 1 competition in endurance horses. Cortisol concentration was measured at rest and 30 min.
after physical effort. Racing horses were divided into two groups of the best and the worst performers.
Cortisol concentration increased significantly after training and competition, however both in racing and
endurance horses the increase was more intensive after competition. In the racing horses, cortisol concentration
tended to gradually increase after the subsequent trainings during the racing season, however the starting gate
did not appear to exert any impact on cortisol concentration. The best performing race horses appeared to have a
lesser increase in cortisol concentration after the race than the worst performing horses, however the cortisol
concentration after the race was not significantly different between these two groups of horses.
This study suggests that an optimal training program can induce a stress response which is likely not to have
any harmful impact on an athlete’s welfare. The more intense effort associated with competition events, both in
race and endurance horses, results in a greater stress response, indicating that these kinds of events should be
limited to assure animal welfare. Finally, better performance horses adapt more readily to physical activity as
they experience less increase of serum cortisol concentration after the race.

1. Introduction
Exercise in almost any form can act as a stress reliever. However, the
magnitude of the stress response depends on the intensity and duration
of the stressor and an animal’s overall fitness (Desmecht et al., 1996;
Negro et al., 2018). Racing is a high-intensity, short, anaerobic exercise,
while endurance is a low-intensity long duration aerobic activity (Sell
ami et al., 2018). However, in both groups of athletic horses, physical
training begins very often at a young age. The training methods are

modified by the trainers and some of them may be too rigorous for young
horses, thereby elevating the risk of injury of immature musculoskeletal
system. Furthermore, increasing sums of money offered as prizes in
equine sports may encourage more strenuous training of young horses.
When these inexperienced athletes are exposed to other stressors con
nected with their sport carrier such as change of the environment
(Harewood and McGowan, 2005; Janczarek and Kędzierski, 2011),
transportation (Fazio et al., 2008; Schmidt et al., 2010), veterinary
procedures (Berghold et al., 2007) or participation in competitions
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(Desmecht et al., 1996; Cayado et al., 2006), concerns about their health
and welfare become justified.
The sport horse industries largely govern themselves in terms of
animal welfare. However, appropriate standards and regulations during
horse training are insufficient. This is because stress is a necessary
response to daily events. The physical exercise, if well organized, de
termines forms of adaptation that improve performance and may be
called as a “Eustress”. “Eustress” implies that “correct or optimal stress
level” may have a positive impact on welfare (McEwen, 2019). Cortisol,
a hormone firmly linked to stress, plays an essential role in adaptation
during exercise (Viru and Viru, 2004; Ponce et al., 2019). Upregulation
of this hormone aids in regeneration of the musculoskeletal system
through increased protein synthesis (Stachowicz and Lebiedzińska,
2016). It can also increase glycogen deposition and storage in the liver,
thereby increasing the depletion rate of fat stores (Viru and Viru, 2004;
Stachowicz and Lebiedzińska, 2016). Therefore, elevated cortisol con
centration prepares the body for a long-term stimulation. After pro
longed and extensive stressor exposure, the inability to trigger an
adaptive response develops. Then the decompensation occurs and the
organism enters the phase of exhaustion with various adverse conse
quences. Thus, chronic stress is considered as a major threat to animal
welfare. Moreover, accurate assessment is difficult, leaving many issues
unclarified.
Exercise is essential for improving both the general musculoskeletal
fitness and athletic performance of sport horses (Fazio et al., 2011).
However, little attention has been paid to monitoring stress reactions in
racing and endurance horses from the beginning of their athletic career.
Therefore, this prospective study was designed to determine the influ
ence of the type (endurance vs. race) and intensity of an effort (training
vs. competition) on the blood cortisol concentration.

Table 1
Description of training regimen during the study period.
Month

Workout

Description

MarchJune

Canter
Gallop
First races for 3-yearold horses

2 gallops within 7− 10 day period with 800 m
at speed ≈ 900 m/min.

> June

Racing distance 1600 m

However, the true number of races in which horses participated differed.
During the third training session, horses entered the starting gate for the
first time. The entire study lasted from March to the end of July which
included 5-months of the training/racing season.
In addition, horses were divided into two subgroups based on sport
performance based on the following outcomes. Horses were assigned to
best (if achieved one of the first three positions) and worst performing
horses (if achieved the last positions).
2.3. Endurance training and competition
This training involved daily sessions with the exercise-load depen
dent on the horse’s condition, increasing with time. The horses covered
about 200 km per month and the sessions with high exercise-load were
held every 14–20 days. Beginning with the third month of training, the
horses were introduced to endurance competitions at limited distance.
The animals were monitored at the first training season in their career
and were examined before and after training sessions selected for the
study i.e. the ones with high exercise-load (25–28 km, speed 14–15 km/
h) and before and after finishing the competitions at limited speed for
unexperienced horses (42–45 km, speed 14–16 km/h). The study lasted
three months (March to July) and included 2 training sessions and 1
competition. Therefore, the maximum number of efforts for a single
horse was three, however the true number of competitions in which
horses participated differed because of a trainer’s decision according to
fitness and health care of the horse.

2. Materials and methods
2.1. Animals
Thirty privately-owned, healthy, Arabian horses were enrolled in
this study at the beginning of their athletic career. The racing group
consisted of 21 three-year-old Arabian race horses (12 mares and 9
stallions). The endurance group comprised 9 six-year-old untrained
endurance horses (2 mares and 7 geldings). The horses were maintained
at one race track or in one endurance stable, respectively. Therefore,
they were exposed to similar environmental conditions, as well as fed
with the standard diet designed for professional horses distributed in
three times per day (oats, hay and fed concentrate). Horses were trained
according to similar protocols suitable for their performance activity. All
horses underwent a standard clinical examination, which included the
evaluation of heart rate, mucous membranes (color and moisture),
capillary refill time and dehydration (measured as the time it takes for a
pinched skin fold over the point of the shoulder to flatten). Physical
examinations were performed before and after each training or
competition and did not reveal clinical signs of any disease. Also basal
hematological and blood biochemical examination was performed and
all parameters fell within relevant reference intervals (Hinchcliff and
Geor, 2014; Rossdales Laboratories).

2.4. Blood sampling
Blood samples were always collected at the same time of the day
(until noon), at rest before feeding and 30 min after the training session
or competition. Since blood sampling was performed during routine
veterinary diagnostic procedures, approval by the Local Commission for
Ethics in Animal Experiments was not required according to the Polish
law and the European directive EU/2010/63. All blood samples were
collected by a jugular venipuncture using BD Vaccutainer system into
plain tubes for serum analyses and EDTA for hematological examina
tion. The dry tubes were centrifuged (3000×g, 5 min) and serum free
from any apparent hemolysis, was aspirated for further testing. The
serum was stored in -80C for 3–5 months.
2.5. ELISA
The concentration of cortisol was determined by commercially
available multi-species immunoenzymatic assay (ELISA kit for cortisol,
Cloud-Clone Corp., USA). The absorbance was measured by Multiscan
Reader (Labsystem, Helsinki, Finland) using a Genesis V 3.00 software
program. All samples were tested in duplicate.

2.2. Race training and competition
The racing group had daily training sessions, in which the speed of
the fast gallop gradually increased before racing season and then was
held constant (Table 1). All training sessions were conducted under
similar conditions at good weather with temperatures of 15− 20 ◦ C, on a
sand track from March to the end of May. Horses exercised together and
in June started to participate in races for 3-year-old Arabians (distance
of 1600 m).
The study included 4 training sessions (every 3-weeks) and 2 races,
so the maximum number of examinations for an individual horse was 6.

2.6. Statistical analysis
Numerical variables were presented as the arithmetic mean ± stan
dard deviation (SD) and range or individual measurements on plots. The
influence of effort on cortisol concentration was assessed using the
mixed linear model (MLM). The model was built of four independent
variables. One variable was fitted as random effect, controlling for the
individual effect of a horse (included in MLM since horses were
2
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examined different number of times). Three variables were fitted as
fixed effects such as the effort number, the time of blood collection, and
the type of effort. The effort number was an ordinal variable ranging
from 1 to 3 (endurance) or 1–5 (races) in which category 5 included the
5th and all further efforts. The time of blood collection was a nominal
variable with two classes – before and after effort. The type of effort was
a nominal variable with two classes – training and race/endurance. The
interaction between the time of blood collection and the type of effort
was entered in the last step of developing the model to investigate if the
immediate change of blood parameters differed between training and
race/endurance. The interaction was retained only when significant,
otherwise the model without interaction was interpreted. MLM was
developed in IBM SPSS Statistics 24 (IBM Corporation, Armonk, NY,
USA). Individual analyses were performed using paired or unpaired
Student’s t-test in TIBCO Statistica 13.3.0 (TIBCO Software Inc., Palo
Alto, CA). All tests were two-tailed. A significance level (α) was set at
0.05 and a Bonferroni correction was applied in case of multiple
comparisons.

Table 3
Cortisol concentration [μg/dL] in the best and worst performing horses before
and after the race, presented as the mean ± SD and range in parentheses.

Table 2
Cortisol concentration [μg/dL] in the racing and endurance horses before and
after training sessions and races/competition, presented as the mean ± SD and
range in parentheses.

Race

Training

21

Race

20

p-value
Endurance

Training

9

Competition

6

p-value

before effort

after effort

4.69 ± 1.13
(2.16− 8.25)
6.95 ± 4.47
(1.43− 17.23)
0.062
7.8 ± 2.6
(2.9− 11.0)
14.1 ± 2.9
(10.1− 17.0)
0.020

5.92 ± 1.35
(3.80− 9.31)
14.41 ± 5.91
(6.74− 26.1)
<0.001
13.4 ± 3.4
(6.5− 18.1)
20.9 ± 4.3
(16.3− 27.6)
0.005

after effort

Best

7

Worst

8

6.28 ± 2.89
(4.11− 10.94)
8.27 ± 6.12
(1.43− 17.23)
0.890

11.63 ± 4.66
(5.32− 18.55)
16.00 ± 7.61
(6.74− 26.10)
0.422

pvalue
0.016
0.003

Stress accompanying any training regimen and its impact on an an
imal’s welfare is a source of concern for people professionally and
emotionally involved in equine sports. The results of this study appear to
lessen those concerns, indicating that physical activity may be consid
ered as “eustress” for a horse. Following the exercise, the cortisol blood
level increase proportionally to the exercise intensity with the peak
usually 15− 30 min after the start, and returns to pre-exercise levels
within an hour (Kedzierski et al., 2012, 2013; Hackney and Walz, 2013).
In this study, cortisol concentration after training sessions rose in race
horses by less than 2 μg/dl which is a very slight increase, even when
compared to previously carried out studies in which a 0.5− 2-fold in
crease in cortisol concentration after race training was observed in
Thoroughbreds and Arabians (Peeters et al., 2011; Kedzierski et al.,
2012, 2013). In addition, there was no increase in cortisol levels after a
horse’s first contact with the starting gate (3rd training). Of course, this
is dangerous for jockeys and gate crews due to unpredictable
fear-related horse behavior in these situations. If the husbandry is
optimal, the stress response after the physical activity should lead to
increased gluconeogenesis, glycogenolysis, and lipolysis stimulated by
cortisol release (Viru and Viru, 2004). The release of precursors such as
glucose and free fatty acids occurs to maintain the optimal physiological
status of muscle. Moreover, during exercise, cortisol defends muscle
from protein degradation and leads to a significant increase in the free
amino acid pool necessary for muscle recovery (Dohm, 1986). This study
demonstrates that the basal level of serum cortisol remains almost un
changed during the entire training season with no increase after training
sessions. Finally, this study was conducted during the first half of the
training season when problems with overtraining are less common
(Golland et al., 1999).

This study is unique in that we chose to race Arabians, the second
most popular breed in the horse racing, and the first in endurance,
instead of Thoroughbreds, which very seldon participate in the endur
ance competition. There are studies indicating that the breed (but not
sex) influences equine adrenal reactivity (Scheidegger et al., 2017; Sauer
et al., 2019). In one study Thoroughbreds and Warmbloods showed an

Time of blood collection

before effort

4.1. Race horses

4. Discussion

No of
horses

Time of blood collection

increased adrenal response compared to Franches-Montagnes horses
(Sauer et al., 2019). Based on this observation we tried to eliminate the
breed-associated variability of blood cortisol concentration by enrolling
only Arabian horses. Moreover, to avoid the seasonal variability and a
diurnal rhythm within cortisol concentration, the blood samples were
obtained always at the same time of a day and in similar months in both
race and endurance horses. Cortisol blood concentration in horses is the
highest in the morning, whereas in the afternoon there is a decrease. In
addition, during spring, the amplitude is lower (Cordero et al., 2012). In
addition, oxygen consumption during exercise depends on the circadian
rhythm of locomotor activity which may also influence on the stress
reaction (Piccione et al., 2011).
This study has several limitations. The decision to sample blood
during standard veterinary procedures precluded monitoring of changes
of cortisol concentration which could have taken place later. Some
studies indicate that blood sampling itself can be a stressor for an animal
and offer an alternative of testing saliva samples (Strzelec et al., 2011).
However, accurate measurement of salivary cortisol has been found to
be difficult (Elsaesser et al., 2001). Furthermore, high variability in
salivary cortisol concentration has been reported by other authors (Marc
et al., 2000; Peeters et al., 2010, 2011; Strzelec et al., 2011). Therefore,
we decided to use serum cortisol levels.

Both in the racing and endurance horses cortisol concentration
increased significantly after training as well as after competition.
However, in both groups of horses, the cortisol concentration reached
significantly higher values after competition, than after training
(Table 2). Cortisol concentration prior to the training did not differ
significantly between the race and training (p = 0.062), however it was
significantly higher before the endurance competition than before
training (p = 0.020).
In the racing horses, cortisol concentration tended to gradually in
crease after the subsequent trainings during the racing season (p =
0.029; Fig. S1), however the starting gate (the 3rd training session) did
not appear to exert any special impact on cortisol concentration.
In the endurance horses cortisol concentration did not change
significantly along with subsequent efforts (p = 0.186; Table S1).
The best performing racing horses appeared to have less intensive
increase in cortisol concentration after the race than the worst per
forming horses (Table 3), however the cortisol concentration after the
race was not significantly different between these two groups of racing
horses (p = 0.422).

Type of
effort

No of
horses

p-value

3. Results

Group

Performance

p-value

<0.001
<0.001

<0.001
<0.001
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In addition, a significant increase in cortisol blood concentration was
commonly detected after a race. Previous studies have found higher
cortisol concentration following intense exertion and stress related to
competitive events (Becker-Birck et al., 2013; Bartolomé and Cockram,
2016; Negro et al., 2018). Therefore, these scenario should be kept to a
minimum to maintain the welfare of the horse.
Stress response to the exercise is considered a useful tool in pre
dicting a horse’s performance (Marc et al., 2000; Mircean et al., 2007).
This study compared the best and the worst performing race horses. This
study found that the best performing race Arabians experience a lower
increase of serum cortisol than worse runners. It has been found that
horses with minimal competition experience higher serum cortisol
spikes than in animals that were used to such conditions (Cayado et al.,
2006; Mircean et al., 2007; Fazio et al., 2008). Thus, a lower level of
serum cortisol in horses with better performance may be considered as a
positive adaptation to stress connected with competition. Furthermore,
the increase of the cortisol release after the same exercise intensity in
more experienced athletes may be lowered following an exercise
training program.

M. Czopowicz, M. Żmigrodzka, A. Winnicka, A. Cywińska reviewed the
manuscript. All authors gave their final approval of the manuscript.
Source of funding
This research was supported by National Science Centre (NCN),
Poland grant No. 2017/25/N/NZ6/02750 (O.W.).
Ethical animal research
All samplings were a part of standard veterinary diagnostic proced
ures, and according to the Polish legal regulations and the European
directive EU/2010/63 approval of the Local Commission for Ethics in
Animal Experiments was not required. However, ethical standards for
animal research were high caring about animal welfare.
Owner informed consent
Informed owner consent was obtained for horses included in this
study.

4.2. Endurance horses

Data accessibility statement

For Arabian horses in endurance events, there was an increase in
cortisol concentration both after training and competition. This is in
agreement with findings of other studies, suggesting that serum/plasma
cortisol concentrations are particularly high after endurance exercise
(30 % higher than after other activities) (Linden et al., 1991; Lassourd
et al., 1996; Mircean et al., 2007). During the prolonged aerobic activity
in an endurance event, the source of energy is different than in anaerobic
racing. Thus, fatty acids and glycogen are utilized as main substrates to
produce energy (Koch and Britton, 2008). The mobilization of energy is
stimulated mostly by cortisol which also promotes both glycogenolysis
and lipolysis (Viru and Viru, 2004). Moreover, during endurance
training, the muscular stress is higher than during racing (Dohm, 1986;
Serrano et al., 2000). Thus, the cortisol catabolism liberates amino acids
that are recycled for the synthesis of new skeletal proteins. Furthermore,
basal cortisol concentration was high on the day of competition in
endurance horses which could result from stress associated with recent
transportation to a new and unfamiliar facility (Janczarek et al., 2013).
The comparison between the best and the worst performing endur
ance horses could not be made in endurance horses due to speed limi
tations established for unexperienced animals at the beginning of their
carrier and relatively low number of horses.

All data is available from the corresponding author.
Declaration of Competing Interest
None.
Appendix A. Supplementary data
Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.prevetmed.2021.10
5265.
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Schmidt, A., Hödl, S., Möstl, E., Aurich, J., Müller, J., Aurich, C., 2010. Cortisol release,
heart rate, and heart rate variability in transport-naive horses during repeated road
transport. Domest. Anim. Endocrinol. 39, 205–213. https://doi.org/10.1016/j.
domaniend.2010.06.002.
Sellami, M., Gasmi, M., Denham, J., Hayes, L.D., Stratton, D., Padulo, J., Bragazzi, N.,
2018. Effects of acute and chronic exercise on immunological parameters in the
elderly aged: can physical activity counteract the effects of aging? Front. Immunol. 9
https://doi.org/10.3389/fimmu.2018.02187.
Serrano, A.L., Quiroz-Rothe, E., Rivero, J.L., 2000. Early and long-term changes of
equine skeletal muscle in response to endurance training and detraining. Pflugers
Arch. 441, 263–274. https://doi.org/10.1007/s004240000408.
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